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Abstract This study aimed to quantitatively describe and
compare whole-body fat oxidation kinetics in cycling and
running using a sinusoidal mathematical model (SIN).
Thirteen moderately trained individuals (7 men and 6
women) performed two graded exercise tests, with 3-min
stages and 1 km h-1 (or 20 W) increment, on a treadmill and
on a cycle ergometer. Fat oxidation rates were determined
using indirect calorimetry and plotted as a function of
exercise intensity. The SIN model, which includes three
independent variables (dilatation, symmetry and translation)
that account for main quantitative characteristics of kinetics,
provided a mathematical description of fat oxidation kinetics
and allowed for determination of the intensity (Fatmax) that
elicits maximal fat oxidation (MFO). While the mean fat
oxidation kinetics in cycling formed a symmetric parabolic
curve, the mean kinetics during running was characterized by
a greater dilatation (i.e., widening of the curve, P \ 0.001)
and a rightward asymmetry (i.e., shift of the peak of the curve
to higher intensities, P = 0.01). Fatmax was significantly
higher in running compared with cycling (P \ 0.001),
whereas MFO was not significantly different between modes
of exercise (P = 0.36). This study showed that the whole-
body fat oxidation kinetics during running was characterized
by a greater dilatation and a rightward asymmetry compared
with cycling. The greater dilatation may be mainly related to
the larger muscle mass involved in running while the right-
ward asymmetry may be induced by the specific type of
muscle contraction.
Keywords Exercise mode  Fatmax  Maximal fat
oxidation  Indirect calorimetry  Exercise intensity
Introduction
During aerobic exercise, carbohydrate (CHO) and fat are
the two main sources of energy that sustain oxidative
metabolism, and their relative utilization depends largely
on exercise intensity (Romijn et al. 1993; van Loon et al.
2001). In absolute terms, CHO oxidation increases with the
workload, whereas fat oxidation rates increase from low to
moderate exercise intensities, and then markedly decline at
high intensities. The exercise intensity at which the maxi-
mal fat oxidation (MFO) rate occurs has been defined as
Fatmax (Achten et al. 2002). A Fatmax zone has also been
defined as the range of exercise intensities with fat oxida-
tion rates that fall within 10% of MFO (Achten et al. 2002).
Recently, a sinusoidal equation (SIN) has been developed
to model and to quantitatively describe the shape of the
whole-body fat oxidation kinetics, represented as a func-
tion of exercise intensity, during graded exercise and to
determine Fatmax and MFO (Cheneviere et al. 2009b).
Moreover, the degree of dilatation (i.e. widening) of the
curve appeared to be a sensitive marker for the ability to
oxidize fat (Cheneviere et al. 2009b).
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It is well documented that the pattern of whole-body fat
oxidation kinetics, including MFO and Fatmax, when pre-
sented as a function of exercise intensity, may be influ-
enced by factors, such as diet (Bergman and Brooks 1999;
Coyle et al. 2001), gender (Carter et al. 2001; Horton et al.
1998; Venables et al. 2005), training level (Bergman et al.
1999; Sidossis et al. 1998; Stisen et al. 2006) and body
composition (Perez-Martin et al. 2001). Besides the above-
mentioned factors, the exercise mode may also influence
fat oxidation. Previous studies (Knechtle et al. 2004;
Nieman et al. 1998; Snyder et al. 1993) have shown a
higher absolute fat oxidation during running compared
with cycling at the same relative exercise intensities.
Several possible reasons have been suggested to explain
the higher fat oxidation rates during running. These include
a smaller muscle mass involved in cycling (Arkinstall et al.
2001; Hermansen and Saltin 1969), differences in muscle
contraction regimens (i.e., concentric vs. eccentric), and a
greater mechanical efficiency in running due to the stretch–
shortening cycle (SSC) (Bijker et al. 2002; Carter et al.
2000). To our knowledge, only one study (Achten et al.
2003) compared substrate oxidation over a wide range of
intensities in two different modes of exercise, but the
authors compared cycling with uphill walking rather than
running and the relevance for runners could therefore be
questioned.
The aim of the present study was therefore to quanti-
tatively describe and compare whole-body fat oxidation
kinetics during graded exercise tests in cycling and running
using a mathematical model. It was hypothesized that the
higher fat oxidation rates over a wide range of intensities in
running compared with cycling would induce a widening
of the curve of the fat oxidation kinetics.
Methods
Participants
Thirteen healthy and moderately trained volunteers (7 men
and 6 women) were recruited to participate in this study,
which was approved by the local Research Ethics Com-
mittee. All individuals were non-smokers, disease-free, not
taking any medication and were screened for the absence of
electrocardiographic abnormalities. Each participant com-
pleted a self-reported measurement of habitual physical
activity questionnaire divided into three sections: physical
activity at work, sport during leisure time and physical
activity during leisure excluding sport (Baecke et al. 1982).
Typical activities were hockey, badminton, basketball,
soccer and swimming. In addition, two individuals (1 man
and 1 woman) were recreational cyclists (*4 h week-1),
while four others (1 man and 3 women) were competitive
cyclists ([10 h week-1). All test procedures and risks
associated with the experiment were fully explained, and
the participants were asked to provide written consent for
participation.
Experimental design
Each participant completed two test sessions. In the first
session, body mass and stature were measured, and body
composition [body fat mass, fat-free mass (FFM) and %
body fat] was estimated from skin-fold thickness mea-
surements at four sites, according to the method of Durnin
and Womersley (1973). Each participant then performed a
maximal incremental exercise test on a cycle ergometer to
determine _VO2 max and substrate oxidation. In a second
session, the volunteers performed a maximal incremental
exercise test on a treadmill. Prior to the experiment, the
participants were familiarized with the equipment and
procedures. The order of the two test sessions was
assigned to the volunteers in a randomized cross-over
design, and the trials were performed 3–7 days apart.
Participants reported to the laboratory at the same time to
avoid circadian variance, after a minimum 6-h fast period
and with the same interval of time from the last meal.
The volunteers were asked to fill in a 1-day food diary on
the day before their first experimental test and to repeat
this diet before the subsequent trial. Furthermore, the
volunteers were requested to avoid strenuous exercise and
drinking alcohol and caffeine for the 24 h preceding each
test.
Incremental tests
Cycling protocol After a 3-min rest period, volunteers
began with a 5-min warm-up at 40 W on a cycle ergometer
(Ebike Basic BPlus, General Electric, Niskayuna, NY,
USA), after which the workload was increased by 20 W
every 3 min until the respiratory exchange ratio (RER)
reached 1.0. At this point, the work rate was increased by
20 W every minute until exhaustion to obtain a measure of
_VO2 max within a short time (Cheneviere et al. 2009b).
Running protocol After a 3-min rest period on a treadmill
(Saturn HP Cosmos, Traunstein, Germany), volunteers
walked for a 5-min warm-up at a speed of 3 km h-1 and a
gradient of 1%, which was followed by an increase of
1 km h-1 every 3 min until the speed of 7 km h-1 was
reached. Participants were asked to walk for 3 min at this
speed and then to start running for another 3 min, after
which the speed was increased by 1 km h-1 every 3 min
until RER reached 1.0. At this point, the speed was
increased by 1 km h-1 every minute until exhaustion
(Cheneviere et al. 2009a).
1038 Eur J Appl Physiol (2010) 109:1037–1045
123
During the tests, heart rate (HR) was recorded contin-
uously from an electrocardiogram (GE Cardiosoft Corina,
GE Medical Systems, Freiburg, Germany). Oxygen uptake
ð _VO2Þ and CO2 output ð _VCO2Þ were measured continu-
ously using a breath-by-breath online system (Oxycon Pro,
Jaeger, Wu¨rzburg, Germany). Oxycon Pro has been shown
to be a valid and reliable (i.e., day-to-day and within day
variations) system for generating accurate and repeatable
respiratory data for _VO2 and _VCO2 during metabolic
simulator and exercise compared with Douglas bags
(Carter and Jeukendrup 2002). Moreover, before the study
began, the validity and reliability of the metabolic card
used in the present study were tested using a metabolic
simulator. Before each test, the gas analyzers were cali-
brated with gases of known concentration (16.00% O2;
5.02% CO2) and the volume was automatically calibrated
at flow rates of 0.2 and 2 L s-1.
For both tests, _VO2 was considered to be maximal when
at least two of the following three criteria were met: (1) a
levelling off of _VO2 (defined as an increase of no more
than 2 mL kg-1 min-1) during the latter stages of the
exercise test, (2) a HR [ 90% of the predicted maximum
(220 beats min-1 minus age) and (3) RER [ 1.1. _VO2 max
was calculated as the average _VO2 over the last 20 s of the
last stage of the test. Ventilatory thresholds 1 (VT1) and 2
(VT2) were determined as described in the literature using
the Wasserman’s ventilatory method (Wasserman et al.
1994), while the estimate of VT1 was supported using the
Beaver ventilatory method (Beaver et al. 1986). Two
blinded and independent investigators determined VT1 and
VT2.
Indirect calorimetry and calculations
During the incremental tests, average values for _VO2 and
_VCO2 were calculated over the last minute of every stage,
during which the RER B 1.0. Fat and CHO oxidation rates
were calculated using stoichiometric equations (Frayn
1983) and appropriate energy equivalents, with the
assumption that urinary nitrogen excretion rate was
negligible:
Fat oxidation rate g min1
 
¼ 1:67 _VO2 L min1
  1:67 _VCO2 L min1
 
CHO oxidation rate g min1
 
¼ 4:55 _VCO2 L min1
  3:21 _VO2 L min1
 
The energy expenditure (kcal min-1) from fat and
carbohydrates was calculated by multiplying the fat and
CHO oxidation rates by the energy equivalents of fat
(1 g = 9 kcal) and CHO (1 g = 4 kcal). For each
participant, the results of the graded exercise tests until
a RER of 1.0 was reached were used to calculate fat
oxidation rates over a wide range of exercise intensities.
To model and characterize the whole-body fat oxidation
kinetics, represented as a function of exercise intensity,
and to determine Fatmax and MFO, the SIN model
(Cheneviere et al. 2009b) was used. The SIN model
includes three independent variables representing the main
quantitative characteristics of the curve: dilatation,
symmetry and translation. Dilatation refers to the degree
of dilatation or retraction of the curve, the symmetry
variable is used to break the symmetry of the standard
basic sine curve, and translation refers to translation of
the whole curve toward the abscissa axis (Cheneviere
et al. 2009b):
%MFO ¼ Sin p
1
s
pþ 2d K%
_VO2 max þ d þ t
 
" #s( )
where d, s and t are, respectively, the variables of dilata-
tion, symmetry and translation, and K was the constant of
intensity that corresponded to ðp=100Þ:
The basic values of 0 for dilatation, 1 for symmetry and
0 for translation determine a symmetric curve that has
intersections with the abscissa axis at (0, 0) and (100, 0)
(i.e., 0 and 100% _VO2 max). This basic curve could therefore
be modulated to fit the experimental data (i.e., fat oxidation
rates) and to model the fat oxidation kinetics by indepen-
dently changing the values of these three variables using an
iterative procedure by minimizing the sum of the mean
squares of the differences between the estimated energy
derived from lipid (Elipid) based on the SIN model and
the calculated values of Elipid, as previously described
(Cheneviere et al. 2009a). For each participant, Fatmax was
calculated by differentiation of the SIN model equation,
and fat oxidation rate was determined every 5% _VO2 max
between 20 and 85% _VO2 max: The Fatmax zone was
determined as the range of exercise intensities with fat
oxidation rates within 10% of MFO (Achten et al. 2002),
with the lower limit referred to as the Fatmax zonemin and
the upper limit as the Fatmax zonemax.
Statistical analysis
All data are presented as mean ± standard error (SE).
Paired Student’s t tests were performed to determine the
differences in metabolic and respiratory data at different
exercise intensities and the differences in the SIN model
variables (i.e., dilatation, symmetry and translation)
between cycling and running. Pearson product–moment
correlations were used to establish relationships between
the differences in parameters of fat oxidation kinetics and
the independent variables of the SIN model between both
modes of exercise. For all statistical analyses, significance
was accepted at P \ 0.05.
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Results
Participant characteristics
The physical characteristics of the study participants are
listed in Table 1. Table 2 presents maximal performance
values [i.e., _VO2 max and maximal HR (HRmax)], VT1 and
VT2 determined during the cycling and running incre-
mental tests. The volunteers reached a similar maximal HR
(P = 0.09), _VO2 max (P = 0.69), VT1 (P = 0.55) and VT2
(P = 0.64) in both modes of exercise.
HR, RER and relative substrate oxidation
Resting HR (66 ± 3 and 68 ± 3, P = 0.54) and RER
(0.83 ± 0.02 and 0.81 ± 0.02, P = 0.13) were similar
between cycling and running, respectively. During exer-
cise, RER appeared to be significantly greater from 55 to
85% _VO2 max during cycling compared with running
(Fig. 1; P \ 0.05). When substrate oxidation was expres-
sed as a percentage of total EE, the relative contribution of
fat was higher in running at high exercise intensities
([55% _VO2 max). Concomitantly, the relative contribution
of CHO to EE from 55 to 85% _VO2 max was higher in
cycling (Fig. 2; P \ 0.05).
Fat oxidation kinetics
Figure 3a shows the mean whole-body fat oxidation kinetics,
which are represented as a function of exercise intensity (%
_VO2 max) that were obtained during both graded exercise tests
and constructed with the SIN model. The characteristics of
whole-body fat oxidation kinetics in cycling and running are
presented in Table 3. MFO was similar between the two
modes of exercise (P = 0.39), but the intensity at which it
occurred was higher during running when compared to
cycling (P \ 0.001). The absolute fat oxidation rates were
significantly higher during running, from 70 to 85% _VO2 max
(Fig. 3a; P \ 0.05). In addition, the Fatmax zone was greater
(25.6 ± 0.8 and 28.4 ± 0.7% _VO2 max; P = 0.001) and
occurred at a significantly higher exercise intensity
(P \ 0.001) during the treadmill protocol than during cycling.
SIN model variables
Figure 3b provides a graphical representation of the mean
relative whole-body fat oxidation kinetics, which are
expressed as a percentage of MFO, that were obtained during
the treadmill and cycle ergometer tests. The shapes of the
curves are characterized by the three variables of the SIN
model, which are presented in Table 4. The mean fat oxida-
tion kinetics in cycling formed a symmetric parabolic curve
(symmetry * 1), whereas the fat oxidation kinetics during
running was characterized by a rightward asymmetry
(Fig. 3b). The variables of dilatation and symmetry were
significantly greater in running than in cycling (Table 4,
P \ 0.001 and P = 0.011, respectively). The whole-body fat
oxidation kinetics determined during both tests was therefore
different. In addition, delta (i.e., the difference between
cycling and running) MFO was positively correlated with
delta dilatation (r = 0.68, P = 0.01), while delta Fatmax was
correlated with delta symmetry (r = 0.88, P \ 0.001).
Discussion
The aim of the present study was to quantitatively describe
and compare whole-body fat oxidation kinetics during
Table 1 Participant physical
characteristics
Values are mean ± SE
n number of participants, BMI
body mass index, FM fat mass,
FFM fat-free mass
a Index of physical activity
estimated from a self-reported
questionnaire (Baecke et al.
1982)
Group (n = 13) Men (n = 7) Women (n = 6)
Age (year) 29.2 ± 0.8 29.4 ± 0.8 29.0 ± 0.9
Height (cm) 173.1 ± 2.6 179.4 ± 1.9 165.7 ± 1.4
Body mass (kg) 65.4 ± 2.8 73.3 ± 0.9 56.2 ± 1.8
BMI (kg m-2) 21.7 ± 0.5 22.8 ± 0.3 20.4 ± 0.4
Body fat (%) 19.5 ± 1.4 16.0 ± 1.1 23.6 ± 0.7
FM (kg) 12.5 ± 0.8 11.7 ± 0.8 13.4 ± 0.7
FFM (kg) 52.9 ± 2.9 61.6 ± 1.2 42.8 ± 1.2
Index of physical activitya 10.3 ± 0.4 10.1 ± 0.4 10.6 ± 0.4
Table 2 Maximal incremental tests in cycling and running (n = 13)
Cycling Running
_VO2 max (mL kg
-1 min-1) 56.2 ± 1.4 55.7 ± 1.1
HRmax (beats min
-1) 182.9 ± 2.0 185.9 ± 2.5
VT2 (mL kg
-1 min-1) 48.7 ± 1.3 48.1 ± 1.1
VT2 ð% _VO2 maxÞ 86.7 ± 1.1 86.6 ± 1.3
VT1 (mL kg
-1 min-1) 36.0 ± 1.5 36.8 ± 1.1
VT1 ð% _VO2 maxÞ 63.9 ± 1.2 66.3 ± 1.9
Values are mean ± SE
n number of participants, _VO2max maximal oxygen uptake, HRmax
maximal heart rate, VT1 and VT2 ventilatory thresholds 1 and 2,
respectively
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graded exercise tests in cycling and running using a
mathematical model. The main finding of this investigation
was that the fat oxidation kinetics characterized by the
three variables of the SIN model (i.e., dilatation, symmetry
and translation) were different between the two exercise
modes. Indeed, as hypothesized, the variable of dilatation
was significantly greater in running as compared with
cycling. At the same time, the mean running fat oxidation
kinetics was also characterized by a rightward asymmetry.
Fatmax and fat oxidation rates from 70 to 85% _VO2 max were
also significantly higher for running compared with
cycling, whereas MFO was not influenced by the mode of
exercise.
Fat and CHO utilization depends largely on exercise
intensity (Romijn et al. 1993; van Loon et al. 2001). In the
present study, Fatmax occurred at an intensity of 44%
_VO2 max during cycling and 57% _VO2 max while running,
which is in line with previous investigations [i.e., cycling:
62% _VO2 max (Achten et al. 2003), 44% _VO2 max (Nordby
et al. 2006); uphill walking: 59% _VO2 max (Achten et al.
2003), 45% _VO2 max for men and 52% _VO2 max for women
(Venables et al. 2005)]. Although Fatmax occurred at a
higher exercise intensity in running when compared with
cycling, MFO was not significantly different between both
modes of exercise. On the other hand, the absolute fat
oxidation rates were significantly higher during the tread-
mill exercise from 70% _VO2 max; which is in agreement
with previous findings (Achten et al. 2003; Knechtle et al.
2004; Snyder et al. 1993). In addition, the RER values were
also significantly higher in cycling than in running from 55
to 85% _VO2 max (Fig. 1), which confirmed the results of
other investigations (Achten et al. 2003; Snyder et al.
Fig. 1 Mean respiratory
exchange ratio (RER) values
during cycling and running
incremental tests (n = 13).
_VO2max maximal oxygen
uptake. Values are mean ± SE;
n number of participants.
*Significant differences
between cycling and running,
P \ 0.05
Fig. 2 Relative contribution of
carbohydrate (CHO) and fat to
total energy expenditure (EE)
during cycling and running
incremental tests (n = 13).
_VO2max maximal oxygen
uptake. Values are mean ± SE;
n number of participants.
*Significant differences in
relative contribution of CHO
and fat to EE between cycling
and running, P \ 0.05
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1993). Concomitantly, when substrate oxidation was
expressed as a percentage of total energy expenditure, the
relative contribution of fat was higher in running at high
exercise intensities, whereas the relative contribution of
CHO to the total EE was higher in cycling (Fig. 2).
To our knowledge, the present study is the first to
additionally characterize the shape of whole-body fat oxi-
dation kinetics during cycling and running using a mathe-
matical model (Cheneviere et al. 2009b), while previous
investigations (Achten et al. 2002, 2003; Stisen et al. 2006)
only determined Fatmax and MFO. Figure 3 presents the
mean fat oxidation kinetics determined during the treadmill
and cycle ergometer incremental tests. While Fig. 3a
shows absolute values, which highlights the differences in
the fat oxidation rates between the two modes of exercise,
Fig. 3b presents the mean relative fat oxidation kinetics
(i.e., %MFO), which clearly quantifies the differences in
the shape of the kinetics by the mean of the three variables
(Table 4). With a symmetry value of 0.97 and dilatation
and translation values around 0, the whole-body fat oxi-
dation kinetics in cycling is a symmetric parabolic curve
with MFO occurring near 50% _VO2 max: This shape, which
is in agreement with previously observed curves (Achten
et al. 2002, 2003; Stisen et al. 2006), seems to be repre-
sentative of healthy, moderately trained individuals during
cycling. At the same time, the fat oxidation kinetics during
running appears to be different as it is characterized by a
greater dilatation and a rightward asymmetry when com-
pared with cycling (Table 4).
Several physiological and mechanical differences
between these two exercise modalities may account for the
differences in the shape of the fat oxidation kinetics and the
higher fat oxidation rates that were obtained at high exer-
cise intensities during running when compared with
Fig. 3 Mean whole-body fat
oxidation kinetics (n = 13), in
absolute (a) and relative (b)
values, constructed with the SIN
model during cycling and
running incremental tests. Data
at both extremities of the
relative fat oxidation kinetics
(b) were extrapolated from the
SIN model (dashed lines).
_VO2max maximal oxygen
uptake, MFO maximal fat
oxidation. Values are
mean ± SE; n number of
participants. *Significant
differences between cycling and
running, P \ 0.05
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cycling. First, the greater muscle mass involved in running,
which is mainly due to the stabilization of the trunk and
arms (Arkinstall et al. 2001; Hermansen and Saltin 1969;
Knechtle et al. 2004; Koyal et al. 1976), may contribute to
the higher fat oxidation rates and the greater dilatation of
the fat oxidation kinetics found during the treadmill exer-
cise. In fact, changes in MFO between cycling and running
were significantly correlated with changes in the dilatation
of the kinetics (r = 0.68, P = 0.01). The variable of
dilatation therefore seems to be a general and sensitive
marker of the ability to oxidize fat during exercise and
confirms previous results (Cheneviere et al. 2009b). Sec-
ond, the different muscle contraction regimens involved in
running and cycling (Arkinstall et al. 2001; Bijker et al.
2002; Carter et al. 2000) may account for the differences in
the symmetry of the fat oxidation kinetics between these
two exercises. While concentric actions dominate in
cycling, running has an eccentric component during
the landing phase. The ‘‘preloading’’ of muscle during the
eccentric phase of the SSC in running may improve the
efficiency of the subsequent concentric phase (Cavagna
1977). It is therefore possible that the greater storage and
return of elastic energy may delay the onset of peripheral
fatigue and/or reduce the recruitment of larger motor units
that consist of more type II muscle fibres during running in
comparison to cycling for same relative exercise intensity
(Carter et al. 2000). This may lead to higher CHO oxida-
tion rates, higher lactate production (Knechtle et al. 2004)
and reduction in muscle pH in cycling which can inhibit the
activity of carnitine palmitoyl transferase I (i.e., key
enzyme in fat metabolism) (Starritt et al. 2000). This may
explain the lower Fatmax in cycling and the rightward
asymmetry in the running fat oxidation kinetics. In fact,
differences in Fatmax between cycling and running were
significantly correlated with differences in the variable of
symmetry (r = 0.88, P \ 0.001). Moreover, Achten et al.
(2003), comparing two ‘‘similar’’ exercises with predomi-
nantly concentric contractions (i.e., cycling vs. uphill
walking), found similar values of Fatmax and global shape
of the curves for both modes of exercise. Therefore, the
various physiological and mechanical effects that are
related to the specific type of muscle contraction in running
(i.e., SSC) may be linked to the later reliance on CHO as
compared to cycling, implying a shift of Fatmax to the
higher exercise intensities.
Some methodological limitations exist and need to be
addressed. First, it is not usual that _VO2 max values for
cycling and running are similar. Indeed, it has been tradi-
tionally shown that _VO2 max is 3–11% lower during cycling
than running (Achten et al. 2003; Basset and Boulay 2000;
Carter et al. 2000; Nieman et al. 1998). In some studies,
however, no significant difference in _VO2 max was found
between these two modes of exercise (Billat et al. 1998;
Hermansen and Saltin 1969), which suggests that _VO2 max
values are also dependent upon the specific training of an
athlete (Basset and Boulay 2000). In the present investi-
gation, six of the volunteers were more ‘‘cycling-oriented’’
than ‘‘running-oriented’’, which may partly explain the
similar _VO2 max reached during the cycling and running
incremental tests. About the duration of the running
incremental test, participants exercised at a submaximal
level (i.e., until RER = 1.0) during 37 ± 1 min for a total
duration (i.e., until exhaustion) of 41 ± 1 min, which was
slightly longer than the cycling test (31 ± 3 and 36 ± 2,
respectively, P \ 0.05). On the other hand, participants
first walked until 7 km h-1, which represented 17 min. At
the same time, an exercise at intensity below the lactate
threshold can be sustained for a long period with a modest
sense of effort (Whipp and Rossiter 2005). When taking in
account only stages with exercise intensity above VT1, the
running and cycling tests were of similar duration
(15.6 ± 1.3 and 14.2 ± 1.6, respectively, P = 0.49).
Moreover, in a recent review authors concluded that
Table 3 Characteristics of whole-body fat oxidation kinetics in
cycling and running (n = 13)
Cycling Running
MFO (g min-1) 0.44 ± 0.05 0.48 ± 0.04
Fatmax ð% _VO2 maxÞ 44.2 ± 2.9 57.2 ± 1.5**
Fatmax ð% _VO2 reserveÞ 38.7 ± 3.2 52.7 ± 1.7**
Fatmax (%HRmax) 60.7 ± 2.1 68.3 ± 1.5*
Fatmax (%HRreserve) 38.4 ± 3.6 49.9 ± 2.3*
Fatmax zone ð% _VO2 maxÞ 25.6 ± 0.8 28.4 ± 0.7**
Fatmax zonemin ð% _VO2 maxÞ 31.8 ± 2.6 42.7 ± 1.5**
Fatmax zonemax ð% _VO2 maxÞ 57.4 ± 2.9 71.1 ± 1.5**
RERFatmax 0.86 ± 0.00 0.87 ± 0.01
Values are mean ± SE. Significant differences between cycling and
running, *P \ 0.05, **P \ 0.001
n number of participants, Fatmax exercise intensity at which the
maximal fat oxidation rate (MFO) occurs, _VO2max maximal oxygen
uptake, _VO2 reserve _VO2 reserve _VO2 max  _VO2 rest
 
, Fatmax zone range
of exercise intensities with fat oxidation rates within 10% of MFO,
Fatmax zonemin lower limit of Fatmax zone, Fatmax zonemax upper limit of
Fatmax zone, FFM fat-free mass, RER respiratory exchange ratio, HRmax
maximal heart rate, HRreserve HR reserve (HRmax - HRrest)
Table 4 Variables of the SIN model in cycling and running (n = 13)
Cycling Running
Dilatation -0.10 ± 0.07 0.22 ± 0.05**
Symmetry 0.97 ± 0.11 1.37 ± 0.10*
Translation 0.08 ± 0.08 0.10 ± 0.07
Values are mean ± SE. Significant differences between cycling and
running, *P \ 0.05, **P \ 0.001
n number of participants
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current evidence suggests that to elicit valid _VO2 max val-
ues, running incremental tests should generally last
between 5 and 26 min, in both trained and untrained
individuals (Midgley et al. 2008). Finally, all participants
met the maximal criteria. It could therefore be assumed that
running _VO2 max was not underestimated and that study
participants reached their _VO2 max; implying the possibility
to compare the two modes of exercise at similar exercise
intensity. Furthermore, as the investigation of gender dif-
ferences in fat oxidation kinetics was not within the
objectives of the present study, neither the phase within the
menstrual cycles nor the presence/absence of oral contra-
ceptives were controlled for. However, there is no con-
sensus about the modifications in substrate oxidation
during exercise across the menstrual cycle (Horton et al.
2002; Zderic et al. 2001). Moreover, as the experimental
protocol was designed to determine the response of a
mixed and heterogeneous group of moderately active
individuals to two different modes of exercise (i.e., repe-
ated measures statistical design), the small samples in both
sexes were therefore not compared because of potential
type II statistical errors.
In conclusion, this study shows that whole-body fat oxi-
dation kinetics that were obtained during graded exercise
tests and described with the three independent variables of
the SIN model (i.e., dilatation, symmetry and translation)
were significantly different between cycling and running.
While the mean fat oxidation kinetics in cycling was a
symmetric parabolic curve, the fat oxidation kinetics during
running was characterized by a greater dilatation and a
rightward asymmetry. The greater dilatation may be mainly
related to the higher fat oxidation rates due to the larger
muscle mass involved in running, while the rightward
asymmetry, which reflects the higher values of Fatmax com-
pared with cycling, may be induced by the specific type of
muscle contraction. However, future studies should deter-
mine the exact mechanisms behind the differences in sub-
strate oxidation between these two modes of exercise.
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